Abstract. The existence, uniqueness and regularity of strong solutions for Cauchy problem and periodic problem are studied for the evolution equation:
Introduction
Let V and V * be a real reflexive Banach space and its dual space respectively and let ϕ be a lower semicontinuous convex function from V into ] − ∞, +∞] with ϕ ≡ +∞. Then it is well known that the subdifferential ∂ϕ (a generalization of Fréchet derivative) of ϕ becomes a maximal monotone operator from V into V * (see Barbu [4] ). The main purpose of this paper is to investigate the existence, uniqueness and regularity of the solution of the following evolution equation in V * .
As for the case where V is a real Hilbert space H whose dual space is identified with H , H. Brézis [6] showed that Kōmura's theory [14] can be applied to (E) and moreover the subdifferential operator generates the nonlinear semigroup with the smoothing effect. Thereafter the generalizations of Kōmura-Brézis Theory have been developed by many people in various directions. Some of them are very successful in the application of semigroup However, they are all done in the Hilbert space setting. As is well known, the theory of elliptic equations bears close relations with the theory of evolution equations, and in the theory of elliptic equations, the Fréchet derivative dφ of a C 1 -functional φ defined on V is usually regarded as the operator from V into V * . For example, the statement of "Palais-Smale" condition and Mountain Pass lemma are formulated in the V -V * setting, and this setting plays an essential role to show the well-known fact that the equation − u(x) = |u(x)| q−2 u(x), x ∈ , u| ∂ = 0 admits a nontrivial positive solution if and only if 1 < q < 2 * = 2N/(N − 2), provided that is a bounded star-shaped domain.
From this point of view, it would be very important to investigate the solvability of (E) in the V -V * setting. On the other hand, this kind of attempt was already fully developed in the book of J. L. Lions [15] for various types of evolution equations by using FaedoGalerkin's method. Our main tool here is the theory of nonlinear semigroup and our final goal is to present an abstract framework dealing with the evolution equation governed by subdifferential operator in the V -V * setting. The treatment of (E) in this framework is not yet fully pursued. Brézis [7] discussed the existence of weak solutions of (E), and Kenmochi [11] studied the existence of strong solutions of (E) by employing the semidiscretisation. Our framework can assure the existence of strong solutions of (E) under weaker assumptions on f than those of [6], [7] and [11] , which is very important when we aim at the perturbation problem for (E).
As will be exemplified in the applications, the advantage of this approach over FaedoGalerkin's method is that one can derive better regularity of solutions in a natural way. This paper is composed of five sections. Section 2 contains some preliminaries which will be used later. In Section 3 we shall be concerned with Cauchy problem of (E). Section 4 deals with the periodic problem of (E). The last section is devoted to some applications of our abstract results to nonlinear heat equations governed by the so-called p-Laplace operators in bounded and unbounded domains.
Preliminaries
Let V be a real reflexive Banach space and V * be its dual space. We assume that there exists a real Hilbert space H identified with its dual such that
where V ⊂ H and H * ⊂ V * are both densely and continuously embedded. Hence (u, v) H holds for every u ∈ H and v ∈ V . For the sake of simplicity, we often denote V * ·, · V by ·, · .
